. SCHWARTZ, J.K.
' SETLOCK, G.H.

(‘QRRE‘S CONTROL . : B
OUTGOING LTR NO. EG&G ROCKY FLATS ‘ T3

DOE ORDER#

q4+aF0%jﬂ

DIST..

LTR

ENC

AMARAL, M.E.
BURLINGAME, A.H.

BUSBY, W.S.

BRANCH, D.B.

CARNIVAL, G.J.

DAVIS, J.G.

FERRERA, D.W.

FRAY, R.E.

GEIS, JA.

GLOVER, W.S.

GOLAN, P.M.

HANNI, B.J.

HARMAN, L K.

HEALY, T.J.

HEDAHL, T.

HILBIG, J.G.

HUTCHINS, N.M.

JACKSON, D.T.

KELL, R.E.

KUESTER, A.W.

MARX, G.E.

McDONALD, M.M.

McKENNA, F.G.

MONTROSE, J.K.

MORGAN, R.V.

POTTER, G.L.

PIZZUTO, V.M.

RISING, T.L.

SANDLIN, N.B.

STEWART, D.L.

STIGER, S.G.

TJOBIN, P.M.

VOORHEIS, G.M.

WILSON, J.M.

Al

CONMmMeEC.  Fw

pPKinS O K

berds THY

ARR
PP

OO OIA? 35 ¢

: EG&G ROCKY FLATS, INC.

ROCKY FLATS PLANT, P.O.BOX 464, GOLDEN, COLORADO 80402-0464 + (303) 966-7000

September 22, 1994 94-RF-09791

Jessie M. Roberson

Acting Assistant Manager for
Environmental Restoration
DOE, RFFO

Attn: N. |. Castaneda

RESPONSE TO COMMENTS ON THE PROGRAMMATIC RISK-BASED PRELIMINARY
REMEDIATION GOALS - SGS-518-94

Action: Review Response As Soon As Possible

EG&G Rocky Flats has reviewed the Environmental Protection Agency (EPA) and Colorado
Department of Public Health & Environment (CDPHE) comments on the Programmatic
Risk-Based Preliminary Remediation Goals as requested by the Department of Energy,
Rocky Flats Field Office (DOE, RFFO) and prepared the attached response.

As noted in our response, we concur with the EPA comments and will incorporate them into
the document. EG&G does not agree with several of the CDPHE comments as detailed in the
attachment.

This response reflects comments received from Rocky Flats Field Office by EG&G during
review meetings held on September 15 and 19, 1994, Piease direct any comments or
questions to Win Chromec of Environmental Restoration Program Division/Risk
Assessment. Win may be paged on 5144,
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RESPONSE TO COMMENTS ON THE PROGRAMMATIC RISK-BASED
PRELIMINARY REMEDIATION GOALS

Responses to comments received from EPA and CDPHE on the Programmatic Risk-Based
Preliminary Remediation Goals (July 1994) follow.

Response to EPA Comments

Comment 1. The recommended exposure parameters for inhalation rate (1.25 m®/hr) and soil
ingestion (480 mg/day) for a construction worker will be incorporated into the Programmatic
Risk-Based Preliminary Remediation Goals (PRGs).

Comment 2. The PRG document was based on the 1993 HEAST report. All toxicity values will
be compared to the latest IRIS quarterly update or the 1994 HEAST report.

Comment 3. The PRGs will be recalculated using the recommended exposure parameters for

a construction worker and updated toxicity values. All PRG values will then go through QC to
assure accuracy.

_Response to CDPHE Comments

Comment 1. A meeting was held on May 24, 1994, in which the methodology for development
of the PRGs was presented to CDPHE and EPA. Comments were received regarding the need
for a dermal assessment if no further action was an option following application of the
conservative screen. No other comments were received at that time. This meeting was the source
of our comment in the document.

Comment 2. All references to the PRGs being protective of the environment will be removed
from the document. Ecological action levels are currently being developed.

Comment 3. Juvenile exposure by soil ingestion is specified by EPA in RAGS, Part B (1991).
This is the only juvenile exposure specified in EPA guidance for PRG development. EPA
guidance was followed. DOE is not "ignoring risk to children" nor is it "cutting a corner.” The
PRGs are conservatively based and when used in conjunction with the CDPHE screen will
identify areas of concern. Table 1 compares PRGs developed using the default equation with an
age-adjusted ingestion factor (AAo), with only a childhood exposure, age 1-6 yrs (Child), and
with both age-adjusted ingestion and inhalation factors (AAoi) for a selection of both
carcinogenic and mnoncarcinogenic chémicals. Chromium VI represents the worst-case
carcinogenic chemical, having only an inhalation slope factor (SF). Ratios of the alternative
PRGs to the default (AAo/child and AAo/AAoi) are calculated for each chemical.. The
differences are small. The inclusion of a childhood inhalation exposure will not significantly
affect the conclusions of the conservative screen .

Comment 4. This comment pertains to the use of the PRGS in the CDPHE conservative screen

and not the development of the PRGS. For the purpose of the CDPHE screen DOE will assess
soil from 0-12 feet using the surface soil PRGs.

2012
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Comment 5. The PRGs are a screening level tool. Risk-based PRGs are typically limited to
PCOCs having toxicity factors published in IRIS (EPA) or HEAST (EPA). The COC selection .~ =~ 7.7
process has never incorporated chemicals without toxicity factors. Surrogate toxicity factors for - - ST

other chemicals may be estimated as part of the Toxicity Assessment for the Baseline Risk
Assessment.

Comment 6a. See EPA comment one.

Comment 6b. See EPA comment one.

Comment 6c. CDPHE apparently does not have the RAGS Part B update for radionuclides.
The gamma exposure time factor is consistent with the latest guidance. See attachment.

Comment 6d. The gamma shielding factor (S, used was from the latest EPA guidance.
Radionuclides at the RFETS have very low gamma energies and all are self-shielded by the soil.
The default value is used appropriately for the PRGs.

Comment 6e. It is stated on page 34 of RAGS Part B that the volatilization factor is appropriate

only for volatile radionuclides. None of the radionuclides assessed were judged to be volatile;

defined by RAGS Part B as having "a Henry’s Law constant of greater than 1 x 10° atm
m>?/mole and a molecular weight of less than 200 g/mole."

Comment 6f. The Dinan, 1992, guidance is provided with this response to comments.
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TABLE 1 )
PRG SFi SFo IF; IR ED BW :
CARCINOGENIC '
Cr VviI? 'E
AAO? 9.62e+02 | 4.10e+01 20 30 70 R E
Child 1.18e+03 4.10e+01 17.5 6 15 :
ARoi’? 5.93e+02 | 4.10e+01 13.9
ARho/child 8.1le-01
AAo/ARoOi 1.62 B )
Be
ARO® 1.49e-01 | 8.40e+00 | 4.30e+00 20 30 70
Child 2.12e-01 8.40e+00 4.30e+00 17.5 6 15
ARoi? 1.49%9e-01 8.40e+00 4.30e+00 | 13.9
AAo/child 7.0e-01
AAo/AROL 1.00
NONCARCINOGENIC
REfDi . RfDo IF. IR ED BW
Ba
AAO* 1.91e+04 | 1.43e-04 | 7.00e-02 20 30 70
Child 5.42e+03 1.43e-04 7.00e-02 17.5 6 15
AAOi’? 1.90e+04 | 1.43e-04 | 7.00e-02 | 13.9
AAo/child 3.5e+00
ARho/BRoi 1.00
1. Chromium VI (CrVI) does not have a SF for ingestion.
2. ARo is the default PRG equation with the age-adjusted
ingestion factor.
3. AAoi includes an age-adjusted inhalation factor:
IF, = ((IRuge 1.6 X ED,. ;.¢) /BW,ge 1.6) + ((IRue 733 X EDyge 5.31) /BWage 5.3
Where: IR,.e 1.6 = 17.5 m'/day IR,qe 7.3; = 20 m}/day
EDjqe 1.6 = 6 YIS EDge 731 = 24 YIs
BW,.. 1.6 = 15 kg BW,qe 7.31 = 70 kg

Y=
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NqOoTZ TO: =Rseglonal mcxic Integraticn cagrdinatoss

.
-

~ g
RCM: Janine Diiijw***ul_J
the Pare 3 Guidance

SUBJECT: Changes Lo *cuaticns in

§|]

tiached are updates to the soil-to-air volatilization and

A

radiaticn equaticns presented in the Risk t=aaaspant Guidance for
superftund, Hywman Healtn Tvaluation Maounl: 2ozt B (December,
1991) .

QERR asked the Alr/sSuperfund contractor (Environmental Quality
Mancgenent) to perfora a 1imited validation study on the
volatilizaticn ractor (VF) equaticn presentzd in Part D. A6 &
result of that citudy, they felt i+ would be better to mocdify <ha
eguation to take into account the effect of soil molisture on the
fiux of chemicals through the soil. The originsl Ewang and ralcs.
—odel used ipn part B cld not taks in nccount the effect of uoil

-

moi==ure, The validaticn stuQy showed, that ror some of the more

voletile and soluble compeunds (Banzene, Toluene, Ethylbenzanc

and Xvlenes), the Part 3 equation over—predicted emizsions by &
£c 10. In addition, EQM pucgested that wWe medicy the

ZactecxT o 5

N
oe

ation (C) equation to rzrlccT
d in *the vapor phase as wall the
!

frac=ion of & chemical foun
cr solil and dissolved In

sractions pound to the organic content
tha soil moisturse.

+nae O7fice cf Zadiztion Programs hay
externzl
the ones

we felt it

since Part B was developed,
changed the weay it calculetes zlop= foctors for
oxposures., Az a result tha units are different than
originally presentsd ln Pexrt 8. To avoid conZusicn,

was best to develcp modified equations.

Although a wmore Icrmal =ano will be distzibut £o the Reglons
(and other uscers of Part B) with this information, I felt that
vou shouldé have these chenges in hand &3 =oon as possible.

e

2
-
[

Lel
-

-
-
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i ' 5ail-to-Air Volztilizrticn Pacter (V¥F)

The volztlilization factor (VF) la used Zcr dafining the :
relationship betwasn the concentration of contaminant in soll e&na
the volatilized contazminant in alr, This relationzhip was
astablished as part of the KEwang and Falco (1986} mecdasl develeped
ty EPA's IZxposure Assessnent Group in the 0fficae of Research and
Development. Hwang and Falco presant a nethod intended primarily
to estimate the parzissible residual lgvels associated with tho

cleanup of contaminated soils.

The Hwang and Falco model.was used as the basis foxr the VF
equation presanted in tha Part B guidanca. Since the tims of
- Fert B, OERR sponsored a study to validata the VF equation by
comparing the modelled results with dztz from actual bench and
pilot scale studies, The resulks of the validation study (EQH,

. 1952) suggested the.need to medify thae VF eguation in Part B to
take into account the degcreese in the rate of flux dus to the
effe2ct of soil moisturs on effective diffusivity (D). Thua, the
Dy equation for dry soil (0, x' E*?) was replaced with an eguation
from Millington and Quirk (1961) where D, = D; (Pa*!?/pti).

(LS x Ve DY .. (3.14 x a x TY*/?
4 {3 x D, %P, x Ky, x 107 kg/mg)

TN VFE ({3 /kz). e

whara:
'Ddxpa
Pa + (p:) (L ~ P:)/KA:

X =

Parmmatar pDefiniticn (upits) Raefaylt
VF Volatilization ractor (w’/ks)
LS

Length of slde of czntaminatad 45
rea (m)

v Windspeed in mixing zone (m/a)

N

DH piffusion height (m)

A rea of contamination (c=!) 20,250,000

Dy Effective Qirzusivity (cn’/s) D (P2} pely
v 5 P, Adr £illed soll poromity . P-4
: (unitless) .
Total soil porosity (unitless) 1-(8/2.)

Eﬂ}z—
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) a Soil molsture centent 10% or 0.1
(czP-wetar/g-so0il)
A Soil bulkx density (g/cw) 1.5
g, True &cil density ar 2.65
particle density (g/cw)
X, Soil~air partition coafficiant (H/K,) X 41
(g-soil/cn’-alir) (42 ip a
converzion
" factor)
Exposurs intasrval (s) 7.9 x 10* &
D; " 7 pirrusivity in air (c=/3) .. . Chemical-
_ specizic
, H Henry's Law constant (atzo-w’/mol) cChemlcal-.
epecific
Xy Sajil-water pertition coefficlent K, x OC
{cm'/kg) '
Koo Crganic carbon Fartition Chenlicel-~
coefficlant (cm’/kg) specific
N ofa organic carban content of soil 2% or 0.02

o (traction)

Soil 8aturatioa concentzation {(C,)

The basic principle of the VF modol ls spplicable onl ir the
so0il contaminant concentraticn is a2t or below saturation.
Saturaticn is the soil contaminant concentration at which the
edsorptive limits of the ssil particles znd the solubillty limits
of the avallzble soil moisture have been rgached. 7Abcve
szturation, Dure ligquid-phase contzminant iz expegcted in the
soil. Under such conditions, the partiazl pressure ol the pure
contaminsnt and the pertial pressure of the air in the
¢nteretitial pcre spuces cannot be calculated without first
Xnowing the mole traction 'of the contaminant in the goil.

| ' Therefare, above saturation the PRG cannot be accurately
celculated baced on wvolatilization. Because of this llmitation,
the chemical concentraticn in soil (FPRG) celculated using VF rcus<
be comparsd with the soil saturatlion csacentration (C,). I£ the

PRG c=lculatecd using VF &= greater than C,, the PRG should be
set equal ts C,.
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ocC
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P

modification orf

(Kyx C,xp) ~+ (Cc, x P, *+ (C
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C.":‘IC ” p

fafdinition (unite)

coii s=turation conceantrartion
{mg/kg)
Scil*watcr'partition

-comtficient (L/XK3)

crgenic carbon partition
coarzicient (L/X3)

organic carkon content of scil
(fraction)

Upper limit of frece moisturs in
coil (mg/L-water)

soll moisture content
(kg—Wutzr/kg—coil)

sclubility in water
(Rg/L-water)
Soil bulk deneity (%g/I)

water £illed soil porcsily
(unitless)

!
enxy's L=w conotiant (uniclecs)

Henry'e Low conscant
(atm~n’/mol)

pir-filled soll parogity
(unitless)

S50il woisture content
(L—water/kg~soil)

motal soil poresity (unitless)

mrya goil density or particle
denoivy (Xg/L)

please note that the squation prosesntod here
- the equetion presented in the Tart B guidarcsa.

mnis ecuation also takes inte account the 2mOMRT of contaminant
fuat ig in vapor phase in the pore spaces of

K % CC
Cherical~
specific

2% oxr 0.02

10 cr 0.1

Chemical~-
specific

1.5

Chenical=~
cpecific

o —~ 88

-t

1= (B/e))
2.85

for C, i& also a

the saoil.

“ e e -
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REVISIONS TO CHAPTER 4 :
RISK-BASED PRG: FOR RADIOACTIVE CONTAMINANTS

(1) Chunge In the Default Yaluo for T, Under the Cemmerctai/inguserial Soil Scenario. The
default value for the gamma exposure time fustor, T, for workers, dis ssad in Section 4.1.2
and used in Equation (13) uvoder the commerclal/indusial s0il exposure scenarjo, hes beea
changed from [ to 0.3. T, Is the netly of the pumbex of “ours an individual Is exposed to an
extesnal gamma radistion source during a 24-%r day. For workess, the exposure time is assumed
to be 8 hours czch day, resulting in a T, value of 0.3 (l.=., 8r24). For residsntial populatioes,
the exposure tme 5 essuraed to be 24 bours per dzy, with T, = 24/24 = 1. Note that the
desault value for T, for the residentdal soil scenario has not deen changed. -

_(3) Revision of the Default Values for §F, for Ra-226/Rn-222 and Ra-224/Rn-220. [Sen Exhibit

4 atached.] The inhalation siope facwor values |isted for Rn-222+D and Ra-220+D in the box
on page 40 have been replaced with the most current values takea trom BEAST 1992 Table Ha.
In addition, the discussions in the footRowes bave been rowritten to provide better clenity.

(3) Ravision of Equntlons (11) and (117), [Sce Exhibit L anacued.] Equation (11) on page 37,
which iz used w0 calculate the risk-based radionucilda soil concenmation, RS, for residential
3oiis, has been ravised 1o accept the new axtorngl exposure slope facwors glvea in Tabje 4a of
EEAST 1992, The "old" external slops facters were calculuted assuming that individuzl
gamma-emitting radionuciides were uniformly distributed over an nflaite surface area’ with no
depth, and wers exprzssed fu ulis of fekf/yesr pec nCl/r* of soll. In the original Equetion
(11), assumptlons had 1o be razde for the depth of rzdionuctides in soil, D, and the soil deusizy,
SD. Since iz *new" cxternal exposure slope faczors account for soit depth and density (and are
expressed in comrost uniu{"-of riskfyzac pec pCl/g so0il), ihe terms D and SD have been dropped
from the revised Equz:ib‘d (11). Revised Equation (117} in Exhibit | is ‘the reduced form of

revised Equatioa (11), :

(4) Revisioa of Equations (13) and (13°) gnd Additlon of Equation (13’7). {See Exhibit 2
stlached.] Stmilar w thecgvision of Equation (11) discussed above, Equallon (13) or page 39,
has also been rovised to accept the new external exposure slope fectors in Tebie 42 of IIEAST
1992. The tecns D and SD have heen dzopped from the revised Equation (13). Revised
Euuadon (13°) in Exhiblt 2 - for uss in czlculations involviog voiatile rxiiomictdes - is tie
reducsd furm uf revised Equation (13). Reduced Eguatien (137) bas been added for use in
calculations involving non-volatile radiunuclides, and diffecs from Eqgeation (137) by dropping
the soil-to-gas volatilizadon factor (VT) from the caleularions. .
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Exhiblt I. Revisod Equaifons for Calculating Radionudlide PRGs — }{Qidcﬁlnl Soil

RADIONUCLIDE IRGi: RESIDENTIAL SOIL — CARCINOGENIC EITECTS
Towal sk = RS x [(SF, x 1075/mg X EF x IF,.0) + (3P, x ED X (1-5) x ']
RS (pClig; = : TR (11)
risk -besed) (SF, % 10°gimg x EF X [P, + (ST, x ED X (-5) x TY
where:
ey Refluilivn (ymits) : eyl Vilue
R3 mdionuolids PRG in wil (pPCVR) —
TR™ - largst excoas mdividual N2mo cangor risk (unitless) . 1o
sC. veal {ngestlon) slopo factor (Aa/pCl) rndlonuclide-spocifis
SF, extermal exposuro slopa faceor (risik/yr per pCilg) nulionuclidcgpeelfia
jefed oxprauro frequency (daya/yr) 150 daysfye
ED oxpasure durxtion (y1) 0 yr
107 g rgoadjuried roll Ligentlon favtor (rayg=yr/day} 3600 mg-yrfday (1co Dquadon (12})
8, gx=mz xhicldlng fheor (uoldcss) 0.2 (sco Sectian 4.1.2)
T gamma cxposurc lme faclar (unitlosa) 1 (sc0 Sauticn 4,1.2)
A ——— NSRRI S RIRED
REDUCED EQUATION FOR RADIONUCLIDE PKGi:
RESIDENTIAL SOIL —~ CARCINOGENIC EFFECTS
Riskbasod PRG = 1> 104 58]
Ye TR = 109 13 210° 39,) + 24(8F)
whrere:
SF, = redineuclide-specifio orzl (ingseon) slope Leler (rak’pll
57, = redivnusiide~s pecifio extemz] caposuro alops Reme (ke per pCU/p)
k2o e e s S e T e Y ST L R T X o e e R R R e L T R A P IS T Y R T T
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Exhibit 2. Revised Equations {or Culculating Radicaucii le PRGs — Commerdal/Industrial Soil.

RADIONUCLIDE PRGs: COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EFFECTS*
Tomirisk = RS x EDx {(SF, x 10%ymy x EF x F ) + (SF, x 10Pgky x 5F x R, x UVE)
+ (SF; x 1Qykg x &F x R, x /PEF) = (SF, x (183 2 T3
RS pCug: = o 713)
Ssk-sasca) D 2 {(SF, x 107yrmg = EF x 13 = ((SF, x LPekz x EF x R) = (1/VF + UPEF)Y) + (SF, x (1S} x T)
IR
wher=
o | wbvilinvired Definitlon (units) L defauit Yalue
RS sadigauckide FRG ta soil {CUe) - i )
TR trges excsza individual lifetime cxacer risk (uniticas) 10¢
SF, oral (ingesdon) siope fuctar (Hsk/pCl) radiocaelide-specific
SF, external exporure siope ficar (fsxiyr por pC/g) radionuclide-specific
EF exposurs equency (duywyr) 250 daysiyr
ED exposurs duration (y1) 25 ¥
Ry workday inhalation e of air (m’/day) 22 mldsy
R daily soil ingestioa /=20 (mg/day) 50 mgday
VF soil-to-air voianilizatcn fiesr (mifks) mdionaelid=apecific (see Section 4.2.3)
PEF particuiats erdusion factor (mifkg) 4,63 x 10* mP/kg (see Seedon 3.3.23
S. gmma shizlding Remr (imitlets) 02 (122 Secdon 4.1.2)
T. gamema exposure €me fzeior (umidess) 0.3 (scc Secton 4.1.2)
.k’;z tnhadaFion L L
NOTE: Most madionuciides arc net volarile under normal ambiest conditicns. For these radionuckdes, the soilto-air
volatilization cxpesury puthway mey be omitied iTom rizk-baged caleulstfions (soc Section .2.3).

Pt Y P A | e s A ——
REDUCED EQUATION FOR RADIONUCLIDE PRGe:
COMMERCIAL/ANDUSTRIAL SOIL — CARCINOGENIC EFFECTS”
(@) Reduced equation for volatile radianuclides:

Risk-based PRG = 1x tot (337
pCi/fg; TR = 107 3.1 x 103 (SF) + (1.3 x IGYVF + 2.7 x LOH(SE ) + &5FJ

(b) Reduced equation for non-volatile radionuciides:

Risk-baxed PRG = RES (13"
(PCUg: TR = 10% 3.1 x LA (SF) + 2.7 1 107 (SF) + 6(SE)
where: " h[,‘b N

radionuclise-ypecific orul (lagestioa) slope fuctor {rsi/pll)

SF, =
S7, = rodionuclide-speeific CrSegaatiod) siope fietr (CJ-U':‘CD

SE, = mdicnuclidespecific exterml exposure slops facwr (isk/yr per pCUE)

vE = rdicouclidespecific aai-o-air volatilizaton fictar (@/k3) (3eo Section 4.2.7)

* NOTE: See Secsion 4.2.3 wien celoulating PRGs for Ra-226/Rn-222 2ed Ra-224/Rn-220.

R
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Extiiblt 3, Revised Sail Defrull Yalues fur §T, for
Ra-226/Rn-222 and Ra-I34/Ra-220

Soll Default Yalues for Y¥ and STy
for Ra-225/Rn-232 and Ro-224/Rn-220

Inhslstion Siope

Deiaut VF Fator, ST,
Yaluc* (nd/pCiyee
Radlum (pCUkg Ra por pCUm’ Rn)
Pa-12 s 7.78-12
Re-224 200 L0E-i1

A Tho cefaud Y value of § for Ra-226 was calcyfurod &3 the
ratio of the average natural background omeentrilion of RA-226
In soil (1,000 pCirkg) o te corrtaponding aversgoe oalirel
backgrovnd coacentaten cf Rn-Z2Z2 in s (320 pClar).
Similarly, the defaui YF valuo 0230 for Ra-izd was caiculaecd
as the ralie of the wvorage Pa-224 background conceartion in
soil (3,000 pCVUR) o {0 avenge Rs-220 background
conoontrasion tn afr (5 pCUm’). Naturl backgrownd lovels for

radium aad yadon wess (azen from NCRP 1976 end UNSCEAR

1982,

v« Inhalarizn slope faotar valucs are for Ra-222 plus decay
produots (i.e., Ra-224+D) fumared frum the redwacilve docay of
R2-225, and for Ra-220+0 (rom the docsy cf Ra-22+. ST
valucr wesy koo from Tabie 4a of EPATs Helh Effocts

Assosgment Stmmary Tibies QITAST 17700
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